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APPLICATION NOTE
Separation and Detection of the a- and b-
chains of Hemoglobin of a Single Intact Red
Blood Cell Using Capillary Electrophoresis/
Electrospray Ionization Time-of-Flight
Mass Spectrometry
Ping Cao* and Mehdi Moini
Department of Chemistry and Biochemistry, University of Texas at Austin, Austin, Texas, USA
A single intact red blood cell (erythrocyte) was injected into a capillary electrophoresis column,
and following in-capillary lysing the a- and b-chains of the hemoglobin (;450 amol) were
separated and detected using capillary electrophoresis/electrospray ionization time-of-flight
mass spectrometry. The mass spectra of the electropherogram peaks of the a and b chains
showed identifiable peaks corresponding to multiply protonated and sodiated a- and b-chains
of hemoglobin. (J Am Soc Mass Spectrom 1999, 10, 184–186) © 1999 American Society for
Mass Spectrometry
This last decade a variety of analytical techniqueshave been developed for analyzing the chemicalcontents of a single cell [1]. For on-line separa-
tion, capillary electrophoresis (CE) with its rapid,
highly efficient separation of compounds in extremely
small volume samples has rapidly become a preferred
separation method for single-cell analysis [2–9]. Capil-
lary electrophoresis is most commonly interfaced to
mass spectrometry (MS) via electrospray ionization
(ESI) [10]. Since ESI is a concentration-sensitive ioniza-
tion technique [11], high resolution peaks generated by
CE can provide optimum sensitivity as long as analytes
of interest are separated from salts and other chemicals
that can compete with them for available charge during
the electrospray ionization process. The overall detec-
tion limit of CE/ESI-MS, therefore, not only depends on
the inherent detection limit of the mass spectrometer,
but also on the CE and ESI processes. Sample loss due
to irreversible analyte adsorption to the capillary wall
and ion loss during transport from the atmospheric
pressure ionization region to the mass spectrometer
analyzer are among other factors affecting the overall
sensitivity. Therefore, successful CE/ESI-MS analysis of
the major chemical contents of a single cell requires a
highly sensitive mass spectrometer that can compensate
for analyte dilution/loss during CE and ESI processes
and/or requires a high performance capillary electro-
phoresis (HPCE) and CE-to-MS interface that can pro-
vide high separation and high ion transport efficiencies.
However, sharp CE peaks generated under HPCE re-
quire a mass spectrometer with fast acquisition time.
Recent advances in time-of-flight mass spectrometry
(TOFMS) have made it possible to achieve subfemto-
mole detection limits at fast acquisition rates (1 s or
less). These characteristics make TOFMS an ideal detec-
tion method for capillary electrophoresis [12–17]. In this
application note we demonstrate the application of a
sheathless CE/ESI-TOFMS to the detection of hemoglo-
bin in a single intact red blood cell.
Experimental
All chemicals were purchased from Sigma Chemical
Company (St. Louis, MO) and used without further
purification. Two freshly aminopropylsilane-derivat-
ized [18] 30 mm i.d., 150 mm o.d. CE columns, one 75 cm
long and the other 55 cm long (Polymicro Technology,
Phoenix, AZ), were prepared [15] and used in these
experiments. The outlet of the CE capillary was tapered
to approximately 15 mm i.d. by pulling the CE capillary
under a torch and cutting it at the i.d. desired. All
experiments used 0.01 M acetic acid running buffer (pH
3.4). The cell acquisition procedure is as follows. Ap-
proximately 1 mL of fresh blood from a healthy adult
male was added to approximately 1.5 mL of a Ca21-free
phosphate-buffered saline solution (pH 7.4) consisting
of 150 mM NaCl, 4.2 mM KCl, 2.7 mM MgCl2, 1 mM
NaH2PO4, 11.2 mM glucose, and 10 mM HEPES (N-[2-
hydroxyethyl]piperazine-N9-[2-ethanesulfonic acid]) in
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a tissue culture plate (Becton Dickinson Labware,
Franklin Lakes, NJ). Fresh blood and saline were em-
ployed for each injection. The CE capillary inlet was
inserted into this solution using an x-y-z manipulator
(World Precision Instruments, Sarasota, FL). The CE
capillary outlet was inserted into a PEEK tubing sleeve
(0.0070 i.d. 3 1/160 o.d.) attached to one end of a 1/160
PEEK union (Upchurch Scientific, Oak Harbor, WA).
The union’s other end was connected to a pipette pump
(Bel-Art Products, Pequannock, NJ) using rubber tubing
(1/40 i.d.). While observing the CE capillary inlet on the
monitor of a 2003 magnification camera (Optem Inter-
national, Fairport, NY), saline solution containing the
desired number of erythrocytes was drawn into the
capillary by applying a vacuum to the CE capillary
outlet using the pipette pump. The capillary was then
mounted onto the CE instrument (this process takes
approximately 3 minutes) and a plug of the buffer was
pushed into the CE capillary inlet (3 s, 20 psi). After
approximately 2 minutes of incubation [19], a CE sep-
aration voltage of 230 kV was then applied to the
capillary inlet while 1.9 kV was applied to the in-
capillary electrode (CE outlet/ESI electrode).
For the analysis of the chemical contents of a single
erythrocyte, two experiments were performed: (1) a
single intact erythrocyte was injected into the CE col-
umn and analyzed following the above procedure and
(2) experiment 1 was repeated except only the saline of
the cell-containing saline solution was injected into the
CE column. All experiments were repeated at least two
times. No peaks corresponding to the a- and b-chains of
hemoglobin appeared in the second experiment. The CE
capillary was conditioned with the CE buffer for 5
minutes and the chemical background was examined
by running a blank prior to each experiment.
This study employed a P/ACE System 2100 (Beck-
man Instruments, Fullerton, CA) CE instrument oper-
ating with Beckman System Gold software. The field
strengths used for all separations were 2400 V/cm for
the 75-cm-long capillary and 2545 V/cm for the 55-cm-
long capillary. The former capillary was used for the
analysis of 10 and 100 cells, while the latter capillary
was used for the analysis of one cell. The mass spec-
trometer used was a Mariner ESI-TOF mass spectrom-
eter (PerSeptive Biosystems, Framingham, MA). The
mass spectrometer operated in the m/z range 540–1500
(m/z range 780–1500 for single-cell analysis) at a rate of
10,000 acquisitions/second, generating one spectrum
every second.
Results and Discussion
Figure 1A shows the total ion electropherogram (TIE)
obtained from CE/ESI-MS analysis of a single intact
erythrocyte. The inset of Figure 1(A) shows the recon-
structed ion electropherograms, with m/z 842 (peak 1,
solid line) and 883 (peak 2, dashed line) corresponding
to the 181 charge state of the a- and b-chains of
hemoglobin, respectively. As shown, the CE peaks
corresponding to the a- and b-chains of hemoglobin are
partially resolved and are approximately 4 s wide (full
width at half maximum). The large peak following
peaks 1 and 2 (Figure 1A) is due to the saline solution
injected into the capillary during cell injection. The
corresponding mass spectra of peaks 1 and 2 (averaged
over the peaks) displayed identifiable charge distribu-
tions of the two chains of hemoglobin (Figure 1B, C). It
is evident that the sensitivity of the CE/ESI-MS was
more than enough to detect hemoglobin in a single
erythrocyte (;450 amol).
Comparison between the results presented in this
study using TOFMS and those of the previous study
using FTICR-MS [2] shows similar mass spectral pat-
terns and salt adducts on the hemoglobin chains. How-
ever, a lower mass spectral quality despite higher
separation efficiency in this study (4 s peak widths,
compared to approximately 30 s in the FTICR experi-
ment) is attributed to the lower sensitivity of TOFMS
compared to FTICR-MS. The separation efficiency
achieved in this study is very similar to our recent study
using whole human blood [15] and was an important
factor for the detection of the hemoglobin present in a
single cell. The fast acquisition rate capability of TOF
mass spectrometers as compared to other types of mass
spectrometers with longer scan intervals (for example, a
Figure 1. Total ion electropherogram (A) and reconstructed ion
electropherograms (A, inset) with m/z 842 (peak 1, solid line) and
m/z 883 (peak 2, dotted line) corresponding to the 181 charge
state of the a- and b-chains of hemoglobin, respectively, obtained
from injection of one intact erythrocyte into the CE capillary. B
and C are mass spectra corresponding to peaks 1 and 2 of A,
respectively.
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total scan time of 12.6 s was used for the FTICR-MS
analysis of a single cell) makes them especially useful
when dealing with the sharp peaks generated by HPCE.
Consistent with previous studies [2, 20], carbonic
anhydrase, the second most abundant erythrocyte pro-
tein (;1% w/w of hemoglobin) [21], was not detected.
In order to determine if carbonic anhydrase could be
detected by increasing the number of cells injected,
small populations of intact erythrocytes (10 and 100)
were injected into the capillary and were analyzed with
CE/ESI-TOFMS. Figure 2A shows the TIE using CE/
ESI-TOFMS corresponding to the injection of 10 intact
erythrocytes. As shown, the a- and b-chains of hemo-
globin were sharp and partially separated. Carbonic
anhydrase was still not detected, implying that either
the detection limit of our CE/ESI-MS is not low enough
or that carbonic anhydrase is co-eluting with the salt
solution present in the capillary and, therefore, its
signal was suppressed. Injection of even 100 cells (Fig-
ure 2B) into the capillary did not produce any signal for
carbonic anhydrase. This was mostly due to the sequen-
tial cell injection method used here which degraded the
resolution of the CE/ESI-MS. In addition, even the
eluting peak corresponding to the a- and b-chains of
hemoglobin was broad and unresolved. As was ex-
pected, without some sort of sample-focusing mecha-
nism, injection of more cells does not necessarily im-
prove the identification of lower-level components of
the cell.
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Figure 2. Total ion electropherograms for the injection of 10 (A)
and 100 (B) erythrocytes using CE/ESI-TOFMS. Peaks 1 and 2 are
the a- and b-chains of hemoglobin, and peak 3 is due to the
introduction of saline solution during cell injection.
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